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Alexandrium tamarense is a widely spread dinoflagellate species throughout many 
regions of the world, many species within this genus produces paralytic shellfish 
toxins (PSTs), these toxins have been negatively affecting the aquaculture industries 
and human health.  
This study optimized the synchronization method of A.tamarense CI01 cells, 
defined the cell cycle phases, compared toxin content and composition at different 
toxin biosynthesis phases. Subsequently, the protein profiles of A.tamarense CI01 at 
different toxin biosynthesis phases were compared, and differential expressed proteins 
were identified using MALDI-TOF-TOF. Finally, the toxin biosynthesis passway in 
A.tamarense CI01 were postulated. The main results were as followings: 
1. Optimization of the synchronized method. After the density gradient centrifugation, 
the cells suspended in the supernatant were subjected to synchronize under the 36-h 
darkness with the addition of a filtration step (10μm ap. meshes). By this procedure, 
the synchronization ratio of cells increased from 73% to 86.4% compared to the 
traditional darkness induced method; 
2. The cells grown under the nutrient replete condition finished a complete cell cycle 
(G1, S, G2 and M phases) within one day, and 86.4% cells finished mitosis. But 
nitrogen-limited cells were arrested at G2/M phase while phosphorous-limited cells 
were arrested at G1 phase; 
3. Three cyclins, cyclin A, D1 and E were identified in A.tamarense CI01 cells. The 
expressions of Cyclin A and D1 were observed at each cell cycle phase. Cyclin A 
reached a peak at G2 phase while Cyclin D1 varied slightly throughout the cell cycle. 
Cyclin E was accumulated at the G1-S phase boundary and degraded as cell 
progressed through S phase. These results were consistent with the cyclins expressed 
in eukaryote cells; 















cycle. Nitrogen-imitation caused toxin content to decrease and phosphorous-limitation 
resulted in toxin content increase compared to the nutrient replete condition. Toxin 
biosynthesis was induced by light and always occurred during a defined time frame 
within the G1 phase of the cell cycle. Analyzing toxin biosynthesis time and ratio of 
C1,2 and GTX2,3 toxin in cells, it was postulated that GTX2,3 was synthesized firstly 
and then was transferred to C1,2 in A. tamarense CI01; 
5. Comparison of the differential protein expressions of A.tamarense CI01 at different 
cell cycle phases revealed that some proteins might participate in regulating cell 
division, such as cell division protein FtsH, formamidopyrimidine-DNA, DNA 
damage checkpoint protein rad17. These proteins could be applied as the potential 
biomarkers to indicate different phases of cell cycle; 
6. The results from proteomic analysis of different toxin biosynthesis phases 
demonstrated that 9 proteins, such as S-adenosylhomocysteine hydrolase, alcohol 
dehydrogenase, sulfotransferase, and arginine deiminas might be involved in toxin 
biosynthesis and could be used as potential biomarkers in PSP-producing species. 

















2-DE：Two dimentional electrophoresis，双向电泳 
APS：Ammonium Persulfate，过硫酸铵  
ATP：Adenosine-triphosphate，三磷酸腺苷 








MALDI TOF TOF：飞行质谱-质谱联用 
N-L：Nitrogen limitation culture, 氮限制培养 
PBS：磷酸缓冲液 
PCNA：增殖细胞核抗原 
P-L：Phosphorous limitation culture，磷限制培养 
PPase：Inorganic pyrophosphatease，无机焦磷酸酶 
rDNA：Ribosome deoxyribonucleic acid，核糖体脱氧核糖核酸 
RNA：Ribonucleic acid，核糖核酸 
RuBisco：1, 5-2 二磷酸核酮糖羧化/加氧酶 
SDS：Sodium decdecyl sulsfate，十二烷基磺酸钠 

















目  录 
VI 
目  录 
摘 要 ·············································································································I 
ABSTRACT····························································································· III 
缩略词表····································································································· V 
目  录 ········································································································VI 
CONTENT································································································· X 
第一章 前言································································································ 1 





1.2 甲藻细胞周期调控 .............................................................................................9 
1.3 蛋白质组技术在亚历山大藻毒素研究中的应用 ........................................... 11 
1.4 本研究的目的、内容和意义 ...........................................................................12 
第二章 塔玛亚历山大藻细胞周期蛋白研究 ········································ 14 
2.1 实验材料与方法 ...............................................................................................14 
2.1.1 实验用藻种.................................................................................................14 
2.1.2 A. tamarense CI01 细胞的同步化...............................................................15 

























2.2.5 不同营养条件下细胞周期蛋白（Cyclins）的表达 ................................30 
2.2.6 不同营养条件下 PCNA 和 RuBisco 的表达 ............................................40 




2.4 本章小结 ...........................................................................................................52 
第三章 塔玛亚历山大藻细胞毒素合成与细胞周期···························· 53 






3.2 结果 ...................................................................................................................54 





3.3 讨论 ...................................................................................................................64 
3.3.1 正常培养条件下毒素合成与细胞周期.....................................................64 
3.3.2 营养盐限制条件下细胞毒素合成与细胞周期.........................................66 
3.4 本章小结 ............................................................................................................67 
第四章 塔玛亚历山大藻毒素合成不同时期细胞蛋白质组学研究 ··· 68 


































4.4 本章小结 ...........................................................................................................89 
第五章 结论与展望 ················································································· 92 
5.1 论文总结 ...........................................................................................................92 
5.2 论文创新点 .......................................................................................................93 
5.3 研究展望 ...........................................................................................................94 
参考文献···································································································· 95 
附录Ⅰ K MEDIUM 配方 ···································································· 110 
附录Ⅱ 聚丙烯酰胺凝胶垂直电泳（SDS-PAGE） ·························· 113 













目  录 
IX 
附录Ⅳ 差异蛋白质谱鉴定结果··························································· 116 
附录Ⅴ 硕士在读期间文章 ··································································· 141 
















Chinese Abstract ·························································································I 
English Abstract ···················································································· III 
Table of abbreviations ············································································ V 
Chapter 1 Introduction and Review ························································ 1 
1.1 Alexandrium tamarense and Paralytic Shellfish Poisoning (PSP) ················2 
1.1.1 Source of PSP·······························································································2 
1.1.2 Chemical characters of PSP and its toxicity mechanism ·····························3 
1.1.3 Biosynthesis pathways of PSP······································································5 
1.1.4 Nutrient physiology of PSP production in dinoflagellates ··························8 
1.2 Cell Cycle Control in dinoflagellates ································································9 
1.3 Applications of proteomic approaches in the studies of PSP in Alexandrium ·
 ······························································································································  11  
1.4 Purpose, Contents and Significance of the Research ····································12  
Chapter 2 Cyclins and Cell Cycle Regulation on A. tamarense CI01····  
···················································································································· 14 
2.1 Materials and methods·····················································································14 
2.1.1 The algae for experiment············································································14 
2.1.2 Cell synchronization ··················································································15 
2.1.3 Cell cycle culture and sampling ·································································16 
2.1.4 Cell count···································································································16 
2.1.5 Variations of cell size ·················································································16 
2.1.6 Analysis of flow cytometry ········································································17 
2.1.7 Wester blotting on cyclins ··········································································17 
















2.2.1 Effect of different synchronization methods···············································20 
2.2.2 Variations of cell density in one cell cycle under different condition ·········22 
2.2.3 Variations of cell size ·················································································23 
2.2.4 Variations of cell phases during the cell cycle under different condition····26 
2.2.5 Variations of cyclins during the cell cycle under different condition ·········30 
2.2.6 The different expression of PCNA and Rubisco·········································40 
2.3 Discussion ··········································································································46 
2.3.1 The effect of cell synchronization ······························································46 
2.3.2 The cell cycle and regulation······································································47 
2.3.3 The rate of cell growth and cell cycle·························································50 
2.4 Conclusion ·······································································································52 
Chapter 3 Toxin Biosynthesis and cell cycle in A. tamarense ············· 53 
3.1 Materials and methods·····················································································53 
3.1.1 The algae for experiment············································································53 
3.1.2 Cell synchronization ··················································································53 
3.1.3 Cell cycle culture and sampling ·································································53 
3.1.4 The extraction of PSTs ···············································································54 
3.1.5 Analysis of PSTs ························································································54 
3.2 Results················································································································54 
3.2.1 The toxin profiles of A. tamarense CI01·················································54 
3.2.2 Variations of toxin content with the cell cycle under replete-nutrients ·······56 
3.2.3 Variations of toxin content with the cell cycle under N-nutrients ···············58 
3.2.4 Variations of toxin content with the cell cycle under P-nutrients················60 
3.2.5 Variations of toxin composition with the cell cycle under different nutrients 
condition ·············································································································62 
3.3 Discussion··········································································································64 
3.3.1 Toxin biosynthesis and cell cycle under replete-nutrients ··························64 















3.4 Conclusion ······································································································67 
Chapter 4 Proteomic studies on different toxin biosynthesis phases of 
A.tamarense CI01 ····················································································· 68 
4.1 Materials and methods ···················································································68 
4.1.1 The algae for experiment ··········································································68 
4.1.2 Cell synchronization ················································································69 
4.1.3 Cell cycle culture and sampling ·······························································69 
4.1.4 The protein extraction ··············································································69 
4.1.5 The determination of protein ·········································································69 
4.1.6 2-DE ·········································································································69 
4.1.7 The images scan and analysis·····································································71 
4.1.8 The protein enzymolysis ············································································71 
4.1.9 The proteins identification using MALDI-TOF-TOF. ······························71 
4.1.10 Blast in data base ····················································································71 
4.1.11 Materials and reagents ············································································72 
4.2 Results················································································································72 
4.2.1 The Variations of protein profiles at different toxin biosynthesis phases und
er nutrient-replete condition ················································································72 
4.2.2 The Variations of protein profiles at the toxin biosynthesis phase under N-l
-imitation ············································································································77 
4.2.3 The Variations of protein profiles at the toxin biosynthesis phase under P-li
-mitation ·············································································································80 
4.3 Discussion ··········································································································83 
4.3.1 The respond of protein in the cell cycle under nutrient-replete condition···83 
4.3.2 The respond of protein at different toxin biosynthesis phases ····················84 
4.3.3 The respond of protein during different cell cycles under different nutrient 
conditions············································································································86 
4.4 Conclusion·········································································································89               















5.1 Summary ···········································································································92 
5.2 Remarkable results and characteristic ·························································93 
5.3 Limitation and further study directions·························································94 
References ······························································································· 95 
Appendix : KⅠ -Medium ······································································· 110 
Appendix : SDSⅡ -PAGE Methods ······················································ 113 
AppendixⅢ: Silver staining (modified for MS) ································· 115 
AppendixⅣ: The identified Results on differential expression protein 
-s of A. tamarense CI01 ······································································· 116 





















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
